
FORUM-AE 

 
 
 

FORUM-AE COORDINATION ACTION 
FP7  European coordination action ; GA 605506 ; 2013-2017 

 

 Emissions Mitigation Concepts 
 

  Paul Madden, Denise Ahrens (RR) 
Olivier Penanhoat, Yoann Mery, Nicolas Tantot (Safran-AE) 
 
ECATS 2nd Conference on Making Aviation Environmentally Sustainable and 
Climate Change Joint Workshop with FORUM-AE 
Athens – 8th Nov. 2016  
 www.forum-ae.eu 

 



1 / FORUM-AE 

CONTEXT: ACARE GOALS 

ECATS/FORUM-AE Joint Climate Change Workshop (Athens Nov 2016) 
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 Continuous Effort on Technology to Reduce Fuel Burn and CO2 
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Advance – Technology Advances 
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UltraFan – Technology Advances 
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MITIGATION SOLUTIONS (SAFRAN-AE) 

 Continuous Effort on Technology to Reduce Fuel Burn and CO2 
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MITIGATION SOLUTIONS (SAFRAN-AE) 

 Exemple:  CROR solution 
 A Counter Rotating Open Rotor (CROR) is expected to provide a significant benefit 

in terms of FB/CO2 reduction, with an estimated reduction of -35% on a SMR 
aircraft, compared to 2000 technology. 
 

 The development of this engine requires advanced solutions in terms of 
aerodynamics, acoustics and mechanics. It requires also a much stronger 
integration to the aircraft than usual turbofans. 
 

 A demonstrator (pusher type) is developed in CS SAGE2 ITD under Safran-ae lead 
and should be tested beginning of 2017.  
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MITIGATION SOLUTIONS (SAFRAN-AE) 

 Exemple:  CROR solution 
 Success of CROR is based on many new technologies: new components (high 

power counter-rotating gearbox, rotating frames…), adapted mouning system design, 
specific control system… 

 Overview of demonstrator’s bricks and breakdown with partners: 
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MITIGATION SOLUTIONS (SAFRAN-AE) 

 Promising but more to be done 
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 ACARE 2050 very challenging CO2 reduction objective would permit to 
mitigate substantially the effect of traffic growth.  
 So, it is essential to pursue a tremendous effort at the aircraft level, the engine level 

and the ATM & flight operation level in order to progress towards this ambitious goal.  

 Unconventional configurations like aircrafts equipped with CROR concept 
or UHBPR concepts, must be further developed.  
 Their mitigation potential, complemented with laminar wing benefit, must be 

maximised and their maturity must be pushed over TRL5 
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EU R&T Technology Programmes 
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Rolls-Royce proprietary information 
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MITIGATION SOLUTIONS (SAFRAN-AE) 

 Continuous effort (on combustor  techno) to reduce non-CO2 emissions 
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 Safran-ae lean combustion 
technology is called MSFI (Multi 
Staged Fuel Injection)

Optimisation of the fuel split 
between the pilot injector and the 
primary injector is supported by 
LES calculations (stronger interaction 
between pilot & lean flame is seen at 20% split)

MITIGATION SOLUTIONS (SAFRAN-AE) 

 NOx mitigation – MSFI Technology 
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COMBUSTION EMISSIONS MITIGATION SOLUTIONS 

Consensus appears that fine particles (nvPM) reduction must be also 
achieved, in addition to NOx. This induces critical R&T on: 

 The combustor technology itself in order to reduce both NOx & nvPM 
 enhanced lean combustion in general (achieving TRL6 maturity & extending its 

application to smaller size and/or smaller OPR engine combustors),  
 focus on more specific aspects which may be beneficial to particles reduction 
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Lean combustion technology: Snecma calculation (left), Rolls-Royce solution (right) 
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E3E Core (operability) ALECSYS (Trent engine) System 
Commissioning 

Manitoba (Icing) Flying Test Bed (In-flight 
Operability) 

Stennis (Noise) 

EFE (Emissions and high T 
performance) 

Rolls Royce Lean Burn Pre-Production Validation 
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CO2 MITIGATION SOLUTIONS 

 Aircraft/Engine technologies must be further and continuously improved 
 both for evolutionary aircraft/engine applications and longer term disruptive ones   

 More radically unconventional solutions (distributed propulsion a/c…) 
should be also considered for much longer term and at lower TRL 
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Distributed Multiple-Fans Concept (DMFC) 
 

DISPURSAL Project Analysis 

Propulsive-Fuselage Concept (PFC) 
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MITIGATION SOLUTIONS & RECOMMENDATIONS: 

ECATS/FORUM-AE Joint Climate Change Workshop (Athens Nov 2016) 

 Status against ACARE goals 
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MITIGATION SOLUTIONS CONCLUSIONS 

• Engine manufacturers spend vast amounts of money on emissions 
reductions. 

• Support from States and EU is critical to success of these 
programmes. Manufacturers match any funding with their own 
funding. 

• Airframers expect new engine concepts to be fully tested to high 
technology readiness level before they will accept them on to new 
aircraft. 

• There are many engine demonstrator programmes for both 
CO2 and combustion emissions (e.g. NOx reductions) on going 
and these will define the future aircraft. 

• The ACARE targets and Flight Path 2050 targets are extremely 
challenging but manufacturing industry is fully committed to 
improving the technology towards those targets. 
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BACK-UP 
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CONTEXT: TRAFIC GROWTH & AVIATION EFFICIENCY 

 Evolution of Anthropogenic CO2 from aviation? 
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Global aviation CO2 forecast 
assumptions: ACARE 2050 goal is achieved in 2050 and fully introduced in the 

2050 fleet ; there is a continuous improvement of average efficiency from now to 

2050 ; ICAO 37th Assembly projected average air traffic growth of 4.6%  is taken 
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MONITORINGA 

 Very large number of relevant projects 

ECATS/FORUM-AE Joint Climate Change Workshop (Athens Nov 2016) 

../../../../Management & Monitoring/RTD monitored projects table-V7.xls
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MONITORINGB 

 Monitoring activity (continued) 
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MITIGATION SOLUTIONS (SAFRAN-AE) 

 nvPM mitigation – RQL technology 
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Rolls-Royce proprietary information 

World-leading product evolution 
Trent XWB Advance UltraFan™ / Open Rotor 

World’s most  
efficient engine 

• Redistributes workload 
between the IP and HP 
compressors and turbines 

• An enhanced IP turbine 
drives the fan via a power 
gearbox, allowing deletion of 
the LP turbine • Drives a high pressure ratio 

core via 3 stages of turbines 
(1 HP, 2 IP) 
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Rolls Royce Lean Burn Combustion System Architecture 

Compact nested pilot staged lean burn 
fuel injector 

Mounting in line with 
large engine practice 

3rd generation cooling technology 
for ultra efficient cooling 

Movement tolerant  
FSN design 

Conventional ignition system 

High efficiency dump 
diffuser 

Optimised 
combustor volume 


